Many bacteria move using appendages that extend beyond the cell surface. Well-known examples are flagella, whose rotation is driven by ion channels, type IV pili, which are assembled and disassembled through secretion channels, or hundreds of tiny 'legs' that generate a 'walking' movement driven by a matrix of ATPases [1] [2] [3] . Cell-surface appendages plus membrane-associated motors or other machinery seem to comprise a nearly universal formula for bacterial motility. Gliding motility is the exception.
Historically, gliding was a loosely defined term for all surface motion propelled by unknown mechanisms [4] . Recently, however, our understandingand thus our definition -of gliding have become more sophisticated. Although the 'walking' motion of mycoplasmas is still called gliding, now gliding usually refers to a smooth motion along the long axes of rod-shaped bacteria that occurs without the aid of discernable propulsive organelles [5] . A new study by Faure et al. [6] represents the most recent advance in explaining the mechanism of gliding. This study reveals a novel mechanism by which motors associated with the inner membrane of Myxococcus xanthus transduce mechanical force to the cell surface through transient interactions [6] . This work should lead to a consensus model for gliding motility, at least for myxobacteria.
M. xanthus is a rod-shaped Gramnegative predatory bacterium. Over many years, Jonathan Hodgkin, Dale Kaiser, Philip Youderian and Patricia Hartzell identified many genes in this organism that encode proteins implicated in gliding motility [7, 8] . Fluorescently labeled versions of these proteins usually do not localize in defined patterns, but rather appear as blurry patches [9] [10] [11] [12] . Because of the lack of obvious structures, building models for M. xanthus gliding motility has up to now been conjectural.
In the past decades, various models for gliding motility have been proposed and modified as new information emerges. In 2007, while working in the research group of David Zusman, Tâ m Mignot observed that AglZ, a cytoplasmic protein involved in gliding motility, appeared as an array of clusters at regular intervals along the length of a cell when tagged with yellow fluorescence protein (YFP). As the cells move, these clusters did not appear to move along with the cells, but rather remained at fixed positions with respect to the substratum [13] . This observation suggested a focal-adhesion model for gliding in which the clusters of AglZ-YFP mark the locations of focal adhesion complexes (FACs) that penetrate the cell envelope and anchor the cell to the substratum. Motors of a novel type were proposed to push or pull the cell body past FACs, thereby moving cells forward [13] . Subsequently, the laboratories of Zusman and the now-independent Mignot identified these putative motors. Surprisingly, they were protonconducting channels in the inner membrane, similar to the MotAB flagellar stator complex and the transport channel TolQR in Escherichia coli [11, 14] . In 2011, Mignot and colleagues found that, when cells were immobilized on glass slides, gliding motors transported the clusters of AglZ-YFP down the long axes of cells at constant velocities that matched the gliding speeds of free-moving cells [14] . When tiny polystyrene beads were attached to the cell surfaces, AglZ-YFP clusters formed underneath the beads and propelled the beads along the cell bodies. Based on these remarkable results, the authors proposed that the transportation of FACs along linear trajectories generates the force for gliding [14] .
This work demonstrated that the structure and function of FACs would help explain gliding motility in M. xanthus. However, if FACs are rigid and span the whole cell envelope, the motion of FACs along the cell would inevitably breach the peptidoglycan layer and jeopardize the integrity of the cell wall. The fact that the localization patterns of different proteins within the putative FACs were not constant, however, implies that their co-localization is transient rather than fixed [6, 9, 12, 15] .
While working in the Zusman group, I labeled the motor and a motor-associated periplasmic protein with fluorescent tags and found that both components appeared as blurry patches that decorate a helical track. This helix rotates as a cell moves forward [11] . In 2013, my colleagues and I reported the dynamics of individual motors using single-particle tracking photoactivatable localization microscopy (sptPALM). Observed under super-resolution, gliding motors move rapidly in the membrane along helical trajectories [10] . Further analysis of hundreds of individual trajectories revealed that many motors stall transiently when they come in contact with a surface [10] . Our data suggested that, instead of linear transportation, the motion of motor complexes in helical trajectories is essential for force generation [10, 11] .
Based on our data and a mathematical analysis, Jing Chen and George Oster proposed a helical rotor model that circumvented disruption of the cell envelope and was consistent with the experimental results. This model predicted that the putative FACs would be fluid aggregates (or 'traffic jams') formed by motors and auxiliary protein cargos that accumulate at sites of contact with the surface. The model predicted that bulky protein complexes traveling along helical tracks slow down or stall when they reach the sites where cells contact the substratum. Aggregated motor complexes push against the cell wall, slightly deforming the cell surface and generating a backward surface wave that pushes the cell forward [5, 10, 11, 16] . In this manner, force might be exerted through the membrane without disrupting the cell wall.
So, how do the FACs or traffic jams transduce force from the inner membrane motor to the cell surface? In the new study, using fluorescence microscopy, Faure et al. [6] identified two distinct populations of motility complexes coexisting in cells: dynamic complexes that move along helical paths, and static complexes that remain fixed relative to the substratum (Figure 1 ). Quantitative analysis showed that only the static complexes generate force for cell movement [6] . Strikingly, when a dynamic complex becomes static, it starts to drive a clockwise rotation of the cell around its long axis (Figure 1 ) [6] . The authors further examined the composition of the motility complexes in four different compartments of the cell: the cytoplasm, inner membrane, periplasm and outer membrane. They found that gliding proteins in all four compartments often co-localize in the static complexes, but less so in the dynamic ones, indicating that the dynamic complexes do not contain the full complement of gliding proteins [6] . The picture now emerges that motors carry these 'incomplete' motility complexes along helical tracks but form complete force-generating units only at the ventral side of cells. These units form transient interactions with outer membrane adhesion proteins, pushing these adhesins to slide (Figure 1) .
The work by Faure et al. [6] reveals that FACs are not as rigid as originally predicted and that they do not cut through the cell wall. These results verify most of the predictions of the helical rotor model, including helical trajectories, the stalling of motors, and even the deformation of the cell envelope. A consensus model seems within reach. However, many questions remain.
First, what is the function of the dynamic complexes? Do the static and dynamic complexes exchange protein subunits? When multiple static complexes form at different locations along the cell body, how are those complexes coordinated? Under superresolution microscopy, individual motor particles move as fast as 3 mm/sec [10] . How does the slow motion of the dynamic complexes, reported by Faure et al. [6] , correlate with the rapid movements of individual motors?
Second, what comprises the helical track for the dynamic motility complexes? Faure et al. [6] speculated that peptidoglycan strands in the cell wall might serve as the tracks. If this is the case, then how are the motors regulated so that one population of the motors moves along peptidoglycan strands while the other population anchors to the cell wall? Does the twist of peptidoglycan match the periodicity of the evenly distributed AglZ clusters? MreB, a bacterial cytoskeleton protein, plays crucial roles in gliding motility. Treating cells with A22, a drug that inhibits MreB polymerization, immediately stops the gliding of cells [10, 11, 17] . Can MreB provide the helical tracks? Third, the experiments by Faure et al. [6] focused on AglZ, even though AglZ is dispensable for gliding [6, 18] . How well does the behavior of AglZ represent the function of gliding complexes?
Although different bacteria glide using diverse motors [16] , it is still possible that all gliding motors generate propulsive force using a similar mechanism. For example, surface adhesins essential for the gliding of Flavobacterium johnsoniae also move in helical patterns, and F. johnsoniae cells also rotate around their long axes as they move [19, 20] . The intriguing possibility is that motors moving in helical patterns plus rolling cell bodies constitute a universal formula for gliding. Almost 75 years have passed since lysergic acid diethylamide (LSD) was discovered to act as a potent hallucinogen. Since then, LSD has been used by millions of people worldwide, including tens of thousands of research subjects. Although investigation of the clinical effects of LSD ceased in the early 1970s due to widespread nonmedical use and concerns about toxicity, human trials have resumed over the last decade [1] [2] [3] , including studies using modern imaging techniques [4] . A new study published by Preller et al. in a recent issue of Current Biology [5] continues that work by examining the mechanism of action of LSD.
The discovery of LSD helped to bring about the modern era of biological psychiatry. Serotonin (5-hydroxytryptamine, 5-HT) was initially identified by Rapport [6] as a vasoconstrictive agent in serum, but was later found to be present in the central nervous system. In 1953, Gaddum reported that LSD antagonizes the contractile effect of 5-HT on uterine smooth muscle [7] . That finding, coupled with the presence of 5-HT in the brain, led Woolley and Shaw [8] to propose that 5-HT plays a specific role in mental processing and in nervous disorders. Their proposal is noteworthy because it was one of the first times that a neurochemical was linked to brain function.
Despite the importance of LSD to neuropsychopharmacology and its long history of human use, no one has ever conclusively identified the receptor mechanisms responsible for mediating the psychedelic effects of LSD. The failure to resolve this fundamental question was not due to a dearth of information about the pharmacology of LSD -far from it. There is compelling evidence that the characteristic effects of LSD and other
